The effect of acute cerebral occlusion on the distribution of cerebral perivascular nerves containing catecholamine, neuropeptide Y, and vasoactive intestinal peptide was studied in the three commonly used rat models of cerebral ischemia: Unilateral permanent middle cerebral artery (MCA) occlusion in duced with an intraluminal thread technique; unilateral MCA occlusion produced by extraluminal elec trocoagulation of the MCA; and transient arterial occlusion of the whole brain induced extracranially by the four-vessel clasp occlusion method for 30 minutes. Animals were sacrificed 3 days after occlu sion and the distribution of the perivascular nerves of the MCA studied. 
neural damage. 9,21) However, the function of cere bral perivascular nerves in the pathophysiology of cerebral ischemia and occluded vessels has received little attention. Here, we report our study of the effect of vessel occlusion on the distribution of cerebral perivascular nerves containing catechol amine, neuropeptide Y (NPY), and vasoactive in testinal peptide (VIP) in the three most common models of rat cerebral occlusion.
Materials and Methods
Forty-six adult male Sprague-Dawley rats weighing 300-350 g were used in the experiments. General anesthesia for surgery was maintained with 1.5-4% halothane. Group 1: Thirteen animals underwent acute cere bral occlusion induced with a nylon thread tech nique.",") Rats were placed in the supine position and a median neck incision made under the operat ing microscope. The common carotid and external carotid arteries on the right were carefully exposed and coagulated with bipolar forceps. A 3 cm 3-0 monofilament nylon thread was introduced into the common carotid artery via a small hole made in the arterial wall and advanced intracranially to the an terior cerebral artery to block blood flow into the middle cerebral artery (MCA). Care was taken not to damage the superior cervical ganglion or internal carotid nerves. Neither the pterygopalatine nor vertebral artery was occluded. The intraluminal suture was left in place for 3 days in all animals. Five sham-operated animals received the same procedure but the nylon thread was not introduced. This method produced consistently unilateral cerebral ischemia as shown previously.") Group 2: Nine rats underwent MCA occlusion induced by a subtemporal approach.") The right MCA was electrocoagulated between the cortical branches to the rhinal cortex and the lateral striate artery. Five sham-operated rats received the same procedure but the MCA was not coagulated.
Group 3: Five rats underwent transient arterial occlusion of the whole brain.") The vertebral arteries were electrocauterized through the alar foramen of the first cervical vertebra and reversible clasps placed loosely around the common carotid arteries. Twenty-four hours later, the awake rats were re strained and the carotid clasps tightened for 30 minutes. Five animals in which both vertebral but not carotid arteries were occluded served as sham operated group.
Three days after surgery, the animals in each group were anesthetized with pentobarbital (40 mg/ kg, i.p.) and decapitated. The brain was immediately removed together with the major cerebral arteries at the base of the brain. The bilateral MCAs were carefully dissected in ice-cold phosphate buffered saline under the operating microscope. The MCAs were cut into 3-4 mm segments and processed for catecholamine histofluorescence and peptide im munohistochemical examination. The MCA seg ments from Groups 1 and 2 for immunohistochemi cal analysis were distal to the occluded site. Infarc tion size was measured using a coronal brain section including the frontoparietal cortex, caudate puta men, and medial preoptic area and placed in 2% 2,3,5-triphenyltetrazolium chloride (TTC) monohy drate at 37°C for 30 minutes.2)
The glyoxylic acid-induced fluorescence method was used for catecholamine fluorescence histo chemistry.'9> The MCA specimens were immersed in 2% glyoxylic acid solution (pH 7.0) and then heated for 5 minutes at 95°C. For NPY and VIP im munohistochemistry, the arteries were immersed in ice-cold fixative containing 2% formaldehyde and 15% saturated picric acid solution in pH 7.2 0.1 M phosphate buffer.27) All specimens were left in the fixative for 24 hours, followed by rinsing in Tyrode's solution containing 10% sucrose at 4°C for 48 hours. The arteries were then mounted on glass slides and processed for immunohistochemical evaluation of NPY and VIP using an indirect immunofluores cence technique.4) The specimens were incubated for 16 hours at 4°C in rabbit anti-NPY (Incstar, Stillwater, Minn., U.S.A.; diluted 1:300) or VIP antisera (Incstar; diluted 1:500). After washing, specimens were then incubated at room temperature for 60 minutes in fluorescein-conjugated goat anti rabbit immunoglobulin (Cooper Biomedical, Malvern, Pa., U.S.A.; diluted 1:100). The specificity of the anti-NPY and anti-VIP antibodies were tested by preincubation with 10-3 M concentration of NPY or VIP, respectively, for 24 hours at 4°C prior to use, or omission of the primary antibody, both of which resulted in prevention of nerve immunostain ing. The anatomical nomenclature for the rat brain was adapted from the atlas of Paxinos and Watson.24)
Nerves containing catecholamine and peptides on the MCA wall were viewed and photographed at magnification x 125 using a fluorescence microscope (Nikon, Tokyo). The nerve densities were estimated from photographs taken at uniform exposure and development times. Five standardized areas in each specimen were sampled. The number of nerve fibers crossing the diagonal of a 0.2 mm square in each of the five standardized areas was counted. The mean number of nerves in each 0.04 sq mm area was ex pressed as an overall mean ± SEM. Data were com pared using the unpaired two-tailed Student's t-test. Significance was accepted at p < 0.05.
Results
The normal animals demonstrated numerous catecholamine histofluorescence and NPY and VIP immunoreactive perivascular nerve fibers in the MCA walls. The sham-operated rats in all groups showed similar catecholamine histofluorescence and peptide immunoreactivity in the perivascular nerve fibers (Table 1) . Group 1: Ischemic damage was observed in the frontoparietal cortex and caudate putamen on the oc cluded side although individual variations were found (Fig. 1) . Nerves containing catecholamine, NPY, and VIP in the wall of the occluded MCA were distributed similarly to those in the MCAs on the non-occluded side and of control animals ( Table 1 , Fig. 2A , C, E).
Group 2: Ischemic damage to the frontoparietal cortex and caudate putamen on the occluded side was always present. Catecholamine fluorescence and NPY and VIP-immunoreactivity in the wall of the occluded MCAs were reduced to about 10% of con trol values (Fig. 2B, D, F) . The contralateral MCAs showed a normal distribution of the nerves (Table 1) .
Group 3: Three days after surgery, little ischemic damage was observed. Catecholamine fluorescence and NPY and VIP-immunoreactivity in the wall of the MCAs were normally distributed (Table 1) .
Discussion
The present study demonstrated that the distribution of the cerebral perivascular nerves containing catecholamine and peptides was unaltered by in traluminal (Group 1) or extracranial maneuvers (Group 3) causing MCA occlusion. In contrast, cerebral arterial occlusion by extraluminal elec trocoagulation reduced the perivascular innervation of the occluded MCA (Group 2). These findings sug gest that the methods of cerebral arterial occlusion have variable effects on the cerebral perivascular in nervation which implies that interrupted blood flow in the cerebral artery does not influence the distribu tion of the cerebral perivascular nerves at least up to 3 days post-occlusion. This study examined relatively short post-occlusion periods since the general condi tion of Group 2 animals deteriorated over 7-10 days.
Since perivascular nerves containing catechol amine, VIP, and NPY are located in the adventitia and adventitia-media border of the cerebral ar teries, methods of arterial occlusion such as electro coagulation, ligation, and clipping of the cerebral arteries will easily damage the perivascular nerves together with the cerebral adventitia. This mechan ical effect on the perivascular innervation was studied previously in the rat common carotid ar tery.') The surgical procedure including clamping of vessel wall and removing superficial connective tissue from the vessel caused extensive damage to the sympathetic nerves innervating the artery.
VIP-immunoreactive nerves in the adventitia of the cerebral arteries arise from the sphenopalatine and otic ganglia, and the microganglia at the base of the brain. ' 
